We have discovered a novel statistical feature of Arabidopsis thaliana genome that remarkably correlates with a position of transcription start site-CG skew peak. We hypothesize that the phenomenon can be explained by the higher mutability of unprotected cytosines.
We have observed an intriguing statistical feature of the Arabidopsis genome-a peak in the CG skew at the transcription start site (TSS). This analysis was enabled by the combination of two independent large-scale genomic projects: The Arabidopsis Genome Initiative (2000) and the Ceres plant full-length cDNA sequencing project. We have extracted 8000 promoter and 5 UTR sequences by aligning the 5 ends of full-length cDNAs with the A.thaliana genomic DNA using BLASTN (Davuluri et al., 2000) . For every position we calculated the CG skew ( Fig. 1 ) and demonstrated that it has a maximum at the TSS (position 0 on the plot).
Our further studies showed that promoters from other organisms retrieved from the Eukaryotic Promoter Database (Grigoriev, 1999 ) also show a peak at the TSS (data not shown).
Prior publications (Myllykallio et al., 2000; Freeman et al., 1998; Grigoriev, 1998; Périer et al., 2000; Grigoriev, 1999; Picardeau et al., 2000; Karlin and Mrázek, 1998) associated a peak in the cumulative CG skew curve with the location of the replication origin. Codon usage differences were shown to be correlated with genes expression levels (Gentles and Karlin, 2001; Kochetov et al., 1999; Davuluri et al., 2000; Karlin and Mrázek, 2000) and with chromatin structure (Ioshikhes et al., 1999) . A number of researchers (Beletskii and Bhagwat, 1996; Freeman et al., 1998; Grigoriev, 1998; Kochetov et al., 1999) linked the DNA strand asymmetry to transcription-coupled effects. These ideas can be extended to explain the CG skew peak * To whom correspondence should be addressed.
at the TSS. Cytosine deamination is likely to be enhanced by DNA transcription (Beletskii et al., 2000) . The length of time a mutable cytosine base spends in an unpaired state determines the probability of its mutation to thymine (Beletskii and Bhagwat, 1996; Grigoriev, 1998) . Upon binding of the transcription complex, the DNA unwinds at the TSS producing a transcription bubble of about 15-20 nucleotides in length. The bubble makes both strands prone to C-T mutations, but the RNA polymerase preferentially protects nucleotides on the non-transcribed strand (Schmitz and Galas, 1979) . Hence C-T mutations occur more frequently on the transcribed strand, and consequently the non-transcribed strand becomes guanine-poor. This explains the increase in CG skew at the TSS. However, during transcription the transcribed strand becomes protected by the nascent RNA (Beletskii et al., 2000; Beletskii and Bhagwat, 1996) . Thus cytosine deamination is suppressed in the transcribed strand, but is still allowed in the non-transcribed strand. Therefore we should (and we do!) observe a decrease in CG skew in the non-transcribed strand. USA, 93, 13919-13924. Genetics Myllykallio,H., Lopez,P., López-García,P., Heilig,R., Saurin,W., Zivanovic,Y., Philippe,H. and Forterre,P. (2000) Bacterial mode of replication with eukaryotic-like machinery in a hyperthermophilic archaeon. Science, 288, 2212-2215. Freeman,J.M., Plasterer,T.N., Smith,T.F. and Mohr,S.C. (1998) Patterns of genome organization in bacteria. Science, 279, 1827. Grigoriev,A. (1998) 
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